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Abstract

This paper deals with the wavelet analysis methoaf seizure detection in EEG time series and
coherence estimation. The main part of the paper msents the basic principles of signal de-
composition in connection with the EEG frequency bads. Wavelet analysis method has been
used for detection of seizure onset. The wavelettéired signal is used for the computation of
spectral power ratio. The results show that our mdtod can identify pre seizure, seizure, post
seizure and non seizure phases. When dealing witkiaure detection and prediction problems

it is important to identify seizure precursor dynamcs and necessary to identify information
about onset and spread of seizures. Therefore indéhsecond part the coherence and phase syn-
chrony during pre seizure, seizure, post seizure @non seizure are computed. We expect this
method to provide more insight into dynamic aspectsf the seizure generating process.
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Introduction

Epilepsy is a medical condition that produces seiu
affecting a variety of mental and physical funcsiok&pi-
lepsy is also known as seizure disorder. When aoper
has more than two episodes of unprovoked seizures
lifetime, they are known to be seizure patientp@rson
with epilepsy. Seizure occurs when a group of neslis
in the brain may change a person’s consciousnesge-m
ments and actions.

Epilepsy affects 65 million worldwide. The prevaterof
epileptic disorders has been estimated to be betWee
(core group) and 5% (fringe group with at leasirgle
seizure during lifetime) [1].

The diagnosis of epilepsy can be performed by wdiffe
examinations; of these, EEG is the most econonainal
with high temporal resolution. EEG is a collectmfrsuch
field potential signals from every electrode angresents
the spatial distribution of the field potentialstive brain.
EEG is an invaluable tool for characterisationtef spa-
tial-temporal dynamics of neuronal activity in thein.

Hence EEG has emerged as a non invasive and ptlacti%

tool for diagnosis of seizure detection and seizureslic-
tion research area. [2], [3].

Previous researchers' wofkesearchers have worked in the

area of analysis of EEG for seizure detection amediption.
Some of them are given below. Wavelet transformhioabt
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for decomposition of signal and statistical feasuiater
quartile range (IQR), mean absolute deviation (MAdDg
used to detect seizures [4]. Linear discriminatalysis

(LDA) classifier is used. The method results in datassifi-
cation between seizure and non seizure. Furtherrtiose
work is in progress to identification of seizure senh
[5].-According to the researchers the frequency spet of

EEG during ictal reveals some tangible differenoeghe

lower frequency range. Wavelet is a very useful gxpe-
cially since EEG signals are non-stationary ancchemave-
let energy ratio is used to detect ictal periochfrthe re-
cording [6]. The connectivity of the brain can bmkysed by
determining the temporal relationships betweernvigtpat-

terns in different regions. The epileptic activitgross brain
regions in the of frequency band 0.5 to 4.0 Hz,peral co-
herence are dominant [6]. The post ictal studieswsil

power spectral density (PSD) slightly flattening ragher
frequencies [7].The main feature of coherence inppasent
report is hence computed for 0.5-4 Hz (delta), 2% Hz
(alpha) and above 12.5 Hz (beta) .The experimeeiadrt
estimated coherence in seizure prediction. Muliatartime
series analysis study is extensively used in néwsiplogy
with the aim of studying relationship between sitanéous
ecorded signals. In this work they showed how ppha
hese methods to study different kinds of Neurospilggi-

cal data [8], [9].

Coherence and phase synchrony have found intensive

usage in the study of seizure signals. The stugpnte

on an autoregressive method show high coherence and
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synchronization in EEG recording during seizuregight frontal Fp2-F8 (RF), right temporal T4-T6 (RTeft

[10].

The method to detect direct estimation of the mstae-

frontal Fp1-F7 (LF) and left temporal T3-T5 (LT)adc
locations are chosen for analysis. One common gorg
tion is to attach the Reference electrode to ommles

ous phase of a signal, called as Phase LockingeValand the ground electrode to the mastoid on the saahee

(PLV) with in a window called phase synchrony coeff
cients are studied for the three signal sets [Cdherence
and phase synchrony in differentiating attentiofficite
hyperactivity disorder (ADHD) and non ADHD [12] and
they also reported that initial results in thisediion are
encouraging but require large set of databaseuitress-
ful classification.

Researchers made comparison between the data fronm
conscious and unconsciousness conditions. Synchrony
measurement showed more widespread phase synchron

in unconscious than conscious stage [13].

Combined method proposed discrete cosine transform
discrete wavelet transform to extract featuredrftarictal
and ictal to determine temporal correlations [1Agy
also demonstrated difficulty in distinguishing beem pre
ictal and ictal based on spectral amplitude basetthoal.

Optimal wavelet selection based detection and featu
extracted to predict seizures to develop a closegp |
brain pacemakers [15].

Moving average filter based seizure detection and

lyapunov feature extraction method and the wavssed
method review discussed by the researchers inethiew

article. The difficulty in identifying the onsetze and the
methods highlighted [16].

Materials and Methods

We worked with database collected at the Childreo's-

of the head. The four channels are adequate arfidl ize
localize the seizure and to infer whether it is egahor
partial. The use of four channels is to computecosince
among them [10]. Bipolar montage has two polesxef e
treme scalp locations. The difference between ibgb-
tential among two electrodes are amplified.
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Figure 1. Bipolar longitudinal montage showing elec-
trode placement.

Pre processing

Signal amplitude is quantified to micro volts. TREG
signal for each channel is filtered using a didiva pass
finite impulse response filter with Hamming winddw
remove power line noise along with out-of band eois
The order of the filter is 40 and cut off frequeneg2 Hz
covering delta, theta, and alpha and beta banH&Gf.

pital Boston (CHB). CHB database consists of EEG reA single channel pre processed exemplary non seizur

cording from subjects with intractable seizureq[17

EEG signal of entire one hour data and seizure Bi§&
nal data are shown in Figure 2 and Figure 3.

We also worked with the EEG recordings done in De-

partment of Neurology at the Meenakshi Medical Col-

lege Hospital and Research Institute, Kanchipurair
India. The International 10-20 system of EEG eladér
positions and nomenclature with bipolar montage it
used for 16 channels. EEG data collected from ag
ranged from 7-50. Most of EEG selected for the gtud
is from generalized epileptic seizure and the stibje

whose EEG analysed have withdrawn antiepileptic

drugs during hospital stay to induce seizure. Dgirin
this signal processing task, the acquired EEG s$ign
passed through a band pass filter 0.1 Hz to 10@mhti

a notch filter used to eliminate power line noise-f
guency 50 Hz.

Montage used
In this present research work bipolar longitudinain-
tage as shown in Figure 1 is used.. Four chanretely
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Figure 2. Single channel non seizure EEG time series
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Figure 3. Single channel seizure EEG time series
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Wavelet decomposition p(t)=%> E:_ WG E) Wy k(® )
The wavelet transform is a mathematical tool thitss ) o
up the data into different frequency components wt-
guired matched resolution [5].Wavelet transformes an
effective time-frequency analysis tool for analgsiBEG

The scaling and wavelet functions for discrete etve
transform functions are defined as

signal. The EEG signals are transient non statjoimar Jt) = 7= R (kN2 0 (2L t= K 3
nature. Daubechies wavelets of different order8(2, 5, ©Y=2j—x MolkNZe( ) ®)
and 6) are investigated for the analysis of eptelEGs. 5, \V(th) =¥= . h.(KN\2¢ (21+1 t- k) 4)

This family of wavelets have orthogonal propertydan
efficient as filter implementation [18].The fourtbrder ) ) .
Daubechies wavelet is found to be most appropfate Where — 7g(k) -, scaling function coefficients and
analysis of EEG data [19]. Daubechies wavelet foans 11 (k),scaling filter function or wavelet filter .The fh
(WT) is at level 3 decomposition wavelet of ordeare relation for the multi resolution decomposition OWT
used to analyse individual transient events at ape of the original function x(t) is represented as
proximated signal in the delta frequency band efEEG
signal such as 4 Hz. X(1) = i o () + i T7o diy k()

®)

The signal is synthesised by discarding the reduinita where ¢, d are scaling and wavelet coefficients.

formation in WT and can be reconstructed using Vedve . o
coefficients without loss of information. The restmuc- ~ The fourth order Daubechies level 3 wavelet filersin-

tion of the signal is defined as gle channel non seizure signal and seizure sigral
) shown in Figures 4 and 5.The above discussed wavele
x(t)=%* __ ¥ e WK W k(D) (1) decomposition are used for the computations.

Discrete WT of a signal is calculated by passirgnai  Seizure detection

through series of filters. The filter compriseshigh pass

and low passes components. It can be noted twasterm A power spectral value for every two second theilig
the equation (1). The filters are scaled by a factdnfi- samples with one second overlapping with hamming wi
nite numbers of wavelets are required to synthetsise dow is used to compute and power spectral valules. T
signal, in order to make definite number of waveletpower values are then averaged and obtained omen ti
Daubechies introduced finite number of wavelets tiied Scale.The wavelet filtered signal A3, approximadigshal at
concept known as multi resolution analysis MRA. Theevel 3 comprises of delta frequency band of th& Eignal
representation of the original reconstructed sidnyadcal-  is decomposed. For the A3 and D2 decomposed signals
ing down factor is can given by

Wavwelet decomposition at level 3
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Figure 4. Wavelet decomposition of the FP2-F8 (single chgnBEIG channel (non seizure)
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Wavwelet decomposition at level 3
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Figure 5. Wavelet decomposition of the FP2-F8 (single chgrnBEIG channel (seizure)

In case of continuous wavelet analysed f1-f2, f®dhd
EEG time series signal, the spectral density isthere
of the magnitude of continuous Fourier transfornthaf

signal.

The Fourier transform of the signal is as
X(O)): I :T—_.f_r-,c-}‘{_t-] g—jiwt dfl =

_ X[m)X(m)"

- m

(6)

Wherew is angular frequency ar¥l (o) is the continu-

ous Fourier transform cf (t),andX (@)" is its
conjugate.

complex

Computing discrete Fourier transform DFT is defiasd

Jimmk

x{n)e”

X(f)—X(0)= Z

i 1 L-2 ™ o |
Xag"(0) =3 | Tiwn] x[n] e2r| 2

Where, M=0, 1, 2 ...K segments
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O

(8)

9)

Calculating spectral power for spectral band for &k
D2 is computed using relations are given by

Fi=4

I:)M(A3) (f) = .r:.ij If=f'-=ﬂ P\i{-‘j

1 Féd=1
fa—fz Z:=f§

s

(10)

Pup2) (f) = (11)

The power levels in these bands are computed as

Puapaf)
Pugaziif)

P Ratio—

(12)

P ratio, relation(12) is used to mark seizure occurrence,
where D3 corresponds to alpha and A3 corresponds
to the delta band. However frequency bands are se-
lected based on previous research indicating dambina
slow wave activity during seizures [20], [21]. The
equation (12) is normalised by dividing the powar r
tio by its maximum value. To evaluate seizure dura-
tion amplitude threshold and duration thresholdehav
been used. From this power ratio, the seizure is de
tected using the following procedure from our previ
ous research wok [22]: From the power ratio sefioes

a subject, the peak value is identified; the seiziu-
ration is identified using both magnitude threshold
and the time threshold. Figure 6 shows power ratio
plot for selected four channels EEG for a non seizu
signal. The algorithm computes the duration of the
seizure automatically and the result is shown as re
coloured window in Figure 7 on power ratio plot.
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Coherence estimation tra 5., ands,.... To make the coherence a dimensionless

Application of coherence to EEG plays a significanty,mper between 0 and 1y squared and the relation is
role. The connectivity in the brain can be analybgd

: . X ; 1glven by
temporal relationships between different regions o
brain. The topographic (spatial) statistics of pdaEGs = o ()] ® (13)
presented as coherence in individual EEG frequency S () Ty (5]

bands. These coherences result both from corrafatio _

among sources and volume conduction through the tigvhereS, (w), represents cross-spectrun® ., ()

sues of brain. The spectral coherence is the mefiiod ands,.,. (w] denote auto-correlation spectra.

determining the feature synchrony in seizure aistivi

[23]. The purpose of the present study is to evaluatdriie
guency distribution and coherence values at a doalp

Coherence”, between two EEG signals x and y is definedtions during the times in which individuals are maf and

as the cross spectruffy., normalised by the power spec- seizure phases (pre seizure, seizure and postregiZu
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coherence value varies between 0 to 1. High coberenfurther analysis. For analysis, pre seizure, seiand
occurs during epileptic seizures particularly il8wave post seizure are considered. In the identifieduseidura-
discharges associated with absence seizure [§], [24 tion, the mid 6 second is considered as the epbdakeio

) ) ) . zure and the 6 second EEG epoch just before thet ohs
Seizures are characterized by sudden, brief tansfgke  saizyre is pre seizure and the same after theeelagon-
and slow wave complex lasting more than 5 secoBds U gjjered as post seizure epoch.

ally is associated with clinical seizure, theseclissges

have duration 0.5-3 seconds [25]. Therefore many rerhe gspatial statistics of EEGs are usually preseuate
search articles deal with short epoch 3secondsc@er  coherence in individual frequency bands. These reohe
EEG seizure epochs of 10 seconds in analyzing EEEG fences are calculated among right frontal, lefttigmight
seizures [25], [26]. We used epochs of non seizore  temporal and left temporal EEG sources as shoviign
taining EEG recording of 6 seconds and seizure ghasre1. The EEG bands namely alpha (7.5-12.5 Hzjadel

(pre seizures, during seizures_, and post seizufesaroe (0.5 -3.5 Hz) and beta above (12.5 Hz) are consibiéor
epoch length .We also examined coherence meastires;ge computation. The coherence in the bands da)ta (

the non seizure EEG for the purpose of discrimati gpha ) and betaff) are calculated for both normal and
with seizure EEG. seizure subjects for the above said epochs ancesuts

. . . are shown in Table 1 and Table 2.
For the normal subjects, there will not be anyweizp-

och and hence any epoch of 6 seconds is considiered

Tablel.Coherence values for non seizure phase

Non seizure
Cohe Cohe Cohe Cohe | Cohe Cohe Cohe Cohe | Cohe | Cohe | Cohe | Cohe
R& Ra RpB Lo L a Lp Fé Fa Fp T Ta TP
0.2400 0.1800| 0.0500f 0.2300 0.1700 0.0900 0.2502100., 0.1200 0.2400 0.1900.0600

cohe — coherence, R-right side of scalp locatioieft. side of scalp location, F-frontal side of frdocation and
T-temporal side of scalp location

Table 2.Coherence values for seizure phase

Pre seizure
Cohe Cohe Cohe | Cohe | Cohe Cohe Cohe | Cohe Cohe Cohe | Cohe | Cohe
R& Ra RpB Lo L a Lp Fé Fa Fp TS Ta TP
0.2663 | 0.1506| 0.0987 0.283¢Y 0.2076 0.1114 0.2b7183Q.] 0.1126| 0.3019 0.190M®.1305
Seizure

0.3350 | 0.1623] 0.081p 0.3194 0.1832 0.0§38 0.3p82800| 0.0872| 0.3018 0.1775 0.06B1
Post seizure

0.2392 | 0.1814] 0.0898 0.2405 0.2137 0.11p6 0.2p28856] 0.1010| 0.2483 0.1948.1035

cohe — coherence, R-right side of scalp locatioteft. side of scalp location, Fental side of scalp location and
T-temporal side of scalp location

Phase synchrony

Phase synchrony is the frequency quantity compftted The EEG data corresponding to the above describtd d
two or more signals. Coherence is a measure oérine discussed in coherence computation is further sz
covariance between two signal power spectral densitto calculate phase synchrony parameters. The equati
estimation. Coherence can be applied to statios@yy  estimates phase synchrony (parameter) and phasadoc
nals in general. Here we examine the results byyeqgp  value (PLV).

Phase Locking Value (Statistics to EEG recordings o

non seizure EEG epochs and cases of seizure EEG epy guantify the PLV between two scalp location sign
ochs) to perform the discrimination task betweem no rqqires the computation of the phase differentevied
seizure and seizure abnormality cases. The caeag al by the computation of phase locking index. The &tilb

with discrimination confirmation with the exact gin of transform is applied to both signals &1d $ to compute
epileptogenic site can be_computed. FOL_Jr eI_ecthms these real and imaginary components,
are used for the computations as shown in Figure 1

Biomed Res- India 2015 Volume 26 Issue 3 519



Ravish/Devi/Krishnamoorthy

S0 = Re(Sy)+ jIm(S,) r = |—EE':_,_\ e=ilen=0mk (17)

' lm,n N Nyrs1

5, = Re(S.) + jIm(S, 14 :
. e(S.)+jim(S.) (14) where ¢, .and ¢,,;, denoted as instantaneous phase se-

whereS, andS, are two signals. The Hilbert transform is Uences for scalp locations | and m respectiveig a
performed over the EEG spectrum, an important advariePresents the analysis window.

tage of the analytic approach is that the phaséeagas-

ily obtained for EEG signal band. The phase of this convolutign(t, n) is extracted and for

each pair of electrodes that is right, left, frand tempo-
t%'al locations. The phase locking value (PLV) isntluke-

The magnitude in the extracted frequency band @n b; )
ined at time t as the average value:

computed as

Sy = +[(Re(5, ) + (Im(5,))? (15) PLV. = ~| EX_.exp(j6(t.n)| (18)
where k=0, 1. The instantaneous phases are comforted Where € (t, n) is the phase differenge (t, n) —¢ (t, n)
each channel is a constant .Other many tools exists to quatitiéylevel

of phase synchronization between two signals such a
@, = arctan— ':F; < (16)  entropy index, mutual information and attractor§[27

LV measures the variability of this phase diffeesat

That is PLV value is high during when phaseyn-s

chronous and less during non synchronous condifiba.

phase synchrony for normal and seizure epochsrethe
sults are shown in Table 3 and Table 4.

The EEG data corresponding to seizure phases as d{%
cussed in coherence estimation previously was psece -
by the phase synchrony computation [12], whichneestie
phase synchrony coefficients (parametgy),for the pair
of electrodes over an ,Nsample long time window as

follows
Table 3.Phase synchrony values for non seizure phases
Non seizure
Phase PLV Phase PLV Phase PLV Phase PLV
Synchrony R R Synchrony L L Synchrony F F Synchrony T T
10.76 0.1897 21.53 0.3949 15.65 0.3159 26.20 0.4419

Phase Synchrony R, R-right side of scalp locatioleft side of scalp location, F-frontal side ofafie location and T-
temporal side of scalp location, PLV-Phase LocRkiiaduie

Table 4.Phase synchrony values for seizure phases

Pre seizure
Phase PLV Phase PLV Phase PLV Phase PLV
Synchrony R R Synchrony L L Synchrony F F Synchrony T T
18.99 0.1506 30.09 0.2786 39.44 0.3287 19.78 0.2530
Seizure
Pr(‘:";‘]fgnsy”' PLV Phase Syn- | PLV | PhaseSyn-| PLV | PhaseSyn- | PLV
R y R chrony L L chrony F F chrony T T
104.55 0.2954 205.05 0.395p 282.32 0.4628 80.25 310.2
Post seizure
P'::";‘jgnsy”' PLV Phase Syn- | PLV | PhaseSyn-| PLV | PhaseSyn- | PLV
R y R chrony L L chrony F F chrony T T
12.02 0.1576 24.64 0.24538 49.91 0.50p5 10.91 0.1441

Phase Synchrony R, R-right side of scalp locaticleft side of scalp location, F-frontal side oBfjg location and T-temporal
side of scalp location

Results and Discussions We introduced a method for the seizure detectioBE®G
time series segments and there by identifying seipa-
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set zone. Seizure phases and non seizure EEG data whe variation to high coherence in pairings of E&G

evaluated to demonstrate the transitions betwestesst nal which can be seen from

The computation of this are tabulated in Table d &a-

ble 2.The results obtained when applied to EEG,dh&éa the higher standard deviation in seizure epochs thad
present algorithm identifies all non seizure cdiyeand lower standard deviation in post seizure epochbetamce
of 30 seizure segments, the algorithm is able émtify  measures alone may not be a significant featudetac-

only 24 segments as seizure segments. Fixed amlitution and prediction of seizure but this can streegtin

threshold and (duration) time threshold yieldedhwain  understanding more insight into seizure generagihg-

overall accuracy 83%. In this predefined threshatd nomenon when used with multivariate features.

proach sensitivity resulted relatively low but mag im- ) ) )
proved further with modifying thresholds. Coherence is a measure of linear covariance bettveen

scalp locations power spectral density estimatiench
We further proceeded to the second part coheresice gophase synchrony parameters are significant for nthre
timation during seizure phases. Results showedfsign stationary signals.
cant differences within delta band) (for following ) )
four pairing right frontal (RF), right temporal (RTleft ~ In Figure 9 is shown the values of phase synchfmm
frontal (LF) and left temporal (LT).For each ¢fese hon seizure and seizure epochs. The distributiophete
pairings; referring to the Table 6 the seizuretesta Synchrony parameter is shown for 24 recordings Bagit,
showed greater coherence than the non seizure #tateleft, Frontal and Temporal scalp locations for tioa sei-
can also be seen from the Table 1 and Table 2cthat 2ure and seizure epochs. Figure 8 suggests thse [siya-
herence values are higher in seizure epochs than pghrony is higher on average for seizure casesttienon

seizure and post seizure conditions. And in mosesa Seizure cases. However, this difference is sigmfiy
smaller but noticeable higher values for seizusesa

Table 5.Coherence values in non seizure calculated fore2éndings

Non seizure
Cohe Cohe Cohe | Cohe | Cohe | Cohe | Cohe| Cohe | Cohe| Cohe| Cohe Cohe
R& Ra RpB L& L a LB Fé Fa FB Td Ta TP

MEAN | 0.2536| 0.1820 0.08250.2572| 0.1891| 0.10730.2651 0.1973|0.10290.2513 0.1889| 0.0826
VAR | 0.0069| 0.0006 0.00050.0008| 0.0008| 0.02220.0009 0.0005| O. 0.0009 0.0007| 0.0007
SD | 0.0269| 0.0242] 0.02220.0277| 0.0276| 0.14890.0306 0.0222|0.0243 0.030Q 0.0264| 0.0255

cohe — coherence, R-right side of scalp locatiofeft_side of scalp location, F-frontal side of fréocation and T-temporal
side of scalp location
Table 6.Coherence values in pre seizure, seizure and pwaire calculated for 24 recordings

Pre seizure
Cohe | Cohe | Cohe | Cohe | Cohe Cohe Cohe | Cohe | Cohe | Cohe | Cohe | Cohe
R A& RA& Ra La La La Fa Fa Fa Ta Ta Ta

MEAN 0.2590 | 0.18450.0782| 0.2642 0.1905 0.1124  0.274%2007| 0.0959| 0.2685 | 0.18590.0912
VAR 0.0067 | 0.0007 0.0004| 0.0007 0.0009| 0.0221 | 0.00080.0007| 0.0005| 0.0009 | 0.00110.0008
SD 0.0264 | 0.026%0.0192| 0.027(9 0.0301| 0.1487 | 0.02780.0260] 0.0222| 0.0298 | 0.03290.0286

Seizure
Cohe | Cohe | Cohe | Cohe | Cohe Cohe Cohe | Cohe | Cohe | Cohe | Cohe | Cohe
R A& R A& Ra La La La Fa Fa Fa Ta Ta Ta

MEAN 0.2775| 0.1950 0.0950| 0.2684 0.1979| 0.0945| 0.28480.2009| 0.0960| 0.2727 | 0.19120.0953
VAR 0.0016 | 0.001% 0.0009| 0.0010 0.0016 | 0.0010| 0.000[0.0009|0.0006| 0.0011 | 0.00180.0009
SD 0.0406 | 0.0386 0.0295| 0.0310 0.0399| 0.0312| 0.02730.0299| 0.0237| 0.0335 | 0.04240.0295
Post seizure
Cohe | Cohe | Cohe | Cohe | Cohe Cohe Cohe | Cohe | Cohe | Cohe | Cohe | Cohe
R & R a R & La La La Fa Fa Fa Ta Ta Ta
MEAN 0.2632 | 0.1861 0.0866| 0.2671 0.1844 | 0.0954| 0.269[0.1877|/0.1023| 0.2759 | 0.19730.0967
VAR 0.0006 | 0.0006 0.0008| 0.0006 0.0003| 0.0008| 0.00100.0004|0.0004| 0.0006 | 0.00050.0011
SD 0.0240 | 0.0254 0.0279| 0.0254 0.0183| 0.0291| 0.03240.0194|0.0209| 0.0249 | 0.02180.0328
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cohe — coherence, R-right side of scalp locaticteft_side of scalp location, F-frontal side of fréocation and T-temporal
side of scalp location

Table 7.Phase synchrony values for non seizure phaseslatdufor four channels of 24 recordings

Non seizure
Phase Phase Phase Phase
Synchrony PLV Synchrony PLV Synchrony PLV Synchrony PLV
R R L L F F T T
MEAN 35.44| 0.377Q 28.38| 0.3108 50.72 0.4596 29.89 0.3848
VAR 343.53| 0.0198 179.75| 0.012@ 909.89 0.526 352.61 0.0234
SD 18.53| 0.1406 13.41| 0.1406 30.16 0.2294 18.78 0.1530

R-right side of scalp location, L-left side of grédcation, F-frontal side of scalp location and@mporal side of scalp
location, PLV-Phase Locking Value

Table 8.Phase synchrony values in pre seizure, seizurgantiseizure calculated for four channels of 24rdngs

Pre seizure
Phase Syn-| PLV Phase Syn- | PLV Phase Syn- | PLV Phase Syn-| PLV
chrony R R chrony L L chrony F F chrony T T
MEAN 38.37| 0.3356 30.45 0.2895 85.41 0.624y7 40.31 0.4308
VAR 2054.37) 0.0393 339.88 0.0141 2503.84 0.0550 758.99 0.0506
SD 45.33| 0.1982 18.44 0.1185 50.04 0.2346 27.85 0.22b0
Seizure
Phase Syn-| PLV Phase Syn- | PLV Phase Syn-| PLV Phase Syn-| PLV
chrony R R chrony L L chrony F F chrony T T
MEAN 204.98| 0.3874 219.78 0.3869 358.09 0.589F 247.70  0.4735
VAR 37814.79] 0.021% 110963.250.0375 100395.89 0.0324 8267.7/6 0.0215
SD 194.46| 0.14671 333.11 0.1936 316.85 0.1799 90.93 0.1466
Post seizure
Phase Syn-| PLV Phase Syn- | PLV Phase Syn- | PLV Phase Syn-| PLV
chrony R R chrony L L chrony F F chrony T T
MEAN 50.58| 0.3548 48.64 0.3353 149.8§ 0.528B 48.04  0.46836
VAR 2505.51| 0.0466 3011.150.0277 90606.8% 0.0602 706.26 0.0234
SD 50.06| 0.2160 54.8Y 0.1664 301.01 0.2458 26.58 0.1531

R-right side of scalp location, L-left side of gt#bcation, F-frontal side of scalp location anddmporal side of scalp
location, PLV-Phase Locking Value

We also see that Table 7 and Table 8 showing thigehi The confusion matrix for this classifier is shownFigure
average values of phase synchrony parameter and PLN), the diagonal cells show the number of casdsibiee
for seizure than non seizure cases. Figure 9 shibw/s correctly classified, and the off-diagonal cellowhthe

PLV for the non seizure and seizure cases. misclassification cases. The bottom right blue sbtbws
the total percentage of correct classificationgiiaen) as
Classifier 97.9% and total percentage of misclassificatiore d@s

Training algorithm Levenberg-Marquardt Pattern Reco red) as 2.1%.
nition tool in Neural Network is used for the cliisation
problem and to know how well the computed featumes Conclusion
the above discussions classify the non seizureuei |n this work, a scheme is proposed to detect seizuthe
conditions and also to validate test results asdpér- EEG seizure time series signal. Detection was oraec
formance measures. plished by level 3 decomposition of EEG signal gsin
wavelets. Coherence and phase synchrony features ex
In the field of machine learning and neural netwolds-  tracted and analysed for seizure and non seizgrelsi
sification, a confusion matrix is well often useohcept The experiments results indicate that featuresdistin-
to validate the results. The contingency tablermsrena-  guish non seizure and seizure signal. The claasific
trix allows understanding performance of the methodaccuracy measure is found to be 97.9 %.The findémgs
Here 24 normal subjects, out of which one is dettels courage further investigation in future scope eisigc
seizure condition. One seizure condition is misifeesd needed for seizure prediction. In the future regeamork,
as normal. more experiments are needed to verify the resalidet
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velop more effective non linear analysis methodsafo-  ticipating seizure.
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